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(57) ABSTRACT

The present invention relates generally to a plating buss
design and method for minimizing short circuit problems 1n
PCB panel singulation. More particularly, the invention
encompasses a serpentine plating buss which increases the
PCB singulation process window thereby minimizing short
circuit problems due to indexing errors caused by occasional
manufacturing and equipment alignment problems. The ser-
pentine plating buss design therefore increases board yield.
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PLATING BUSS AND A METHOD OF USE
THEREOFK

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 10/861,847, filed Jun. 4, 2004 now U.S. Pat.
No. 7,181,837.

BACKGROUND OF THE INVENTION

The present mvention relates generally to the field of
printed circuit fabrication, and more particularly to an
improved plating buss on a substrate such as for example a
printed circuit board (PCB), which addresses manufacturing,
variations and alignment problems associated with PCB
singulation for improved board yield.

Basically, a printed circuit board consists of a sheet of
rigid insulating substrate such as phenolic, glass impreg-
nated epoxy or the like, having a pre-defined pattern of thin
metallic—usually copper—ioil conductive paths (so-called
“traces”) appearing on one or both sides of the substrate.
These traces collectively define all the electrical intercon-
nections among all the components and are routed between
appropriate locations on the board.

Electrolytic plating 1s one method used to improve elec-
trical conductivity and/or wire bondability in the trace
termination areas provided on a multi-layered printed circuit
board (PCB). Generally, a panel populated with an array of
PCBs 1s connected to one terminal of either a d.c. or a pulsed
plating voltage source and placed in an electrolyte 1n order
to be plated. A metal to be deposited 1s then connected to the
other terminal and similarly immersed in the electrolyte. The
transier of the metal 1s accomplished via the 1ons contained
in the current flowing between the metal and the panel.

Since electroplating of metals requires that all sites on the
panel to be plated must be electrically connected to the
plating bath, one prior art method electrically connects the
traces to a common straight-line plating buss (also known as
a “tie” or “commoning’ bar) for convenience. The straight-
line plating buss 1s then used to provide the current during
the plating process. However, a plating buss serves no usetul
function after the electroplating process. Thus, for improved
process elliciency, prior art methods have provided the
straight-line plating buss centered between adjacent PCBs
defined on the panel, such that during a PCB singulation
stage, the straight-line plating buss gets cut away.

PCB singulation 1s the process of taking a finished panel,
and separating or depaneling the plurality of PCBs formed
thereon into individual PCBs for a subsequent packaging
process. One method of PCB singulation 1s to use a dicing
saw. The panel 1s mounted on a saw carrier, mechanically,
adhesively or otherwise, as known 1n the art. The saw carrier
1s then mounted on a stage of the dicing saw. Typically, the
PCBs are arranged 1n rows and columns on the panel with
the periphery of each PCB being rectangular. During the
dicing process, the panel 1s sawn or diced with a rotating
blade along a street lying between each of the rows and
columns thereof.

Once all cuts associated with mutually parallel streets
having one orientation are complete, either the blade 1s
rotated 90° relative to the panel or the panel 1s rotated 90°,
and cuts are made through streets 1n a direction perpendicu-
lar to the 1mitial direction of cut. Since each PCB on a
conventional panel has the same size and rectangular con-
figuration, each pass of the saw blade 1s incrementally
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indexed one unit (a unit being equal to the distance from one
street to the next) in a particular orientation of the panel. As
such, the saw and the software controlling 1t are designed to
provide uniform and precise mndexing 1n fixed icrements
across the surface of the panel.

As mentioned previously above, PCB singulation 1s also
used to remove process remnants, such as straight-line
plating busses used 1n the (post formation) plating process of
the PCBs. An illustration of one prior art plating buss 1s
shown 1n FIG. 1, wherein a PCB panel 100 has a plurality
of traces 102 formed thereon by electrodeposition, which are
connected by an associated straight-line plating buss 104. At
the PCB singulation stage, a saw blade dices the panel 100
along a cut, which removes panel material between parallel
lines 106 and 108 1n order to separate adjacent PCB seg-
ments 110. If the cut 1s properly aligned, parallel lines 106
and 108 will flank a street 112 defined between the adjacent
PCB segments 112 in order to also remove the straight-line
plating buss 104 which was formed there along. As can be
imaged, dicing the panel along the street 112 will thereby
disconnect the associated traces 102. According the width on
the straight-line plating buss 104 can be considered as the
“process window” for the PCB singulation stage.

However, over time, the blade and/or stage of the dicing
saw may experience drift due to indexing errors of its drive
motor and associated gearing. Additionally, variations in the
PCB manufacturing process effecting PCB sizes and street
locations, and variations 1in blade width due to uneven
heating and wear can also result 1n imndexing errors. Such
indexing errors result potentially in the location of cut,
illustrated by parallel lines 106 and 108, moving off the
street 112 and out of the process window. As 1llustrated by
FIG. 2, moving off the street 112 creates the potential for
shorted circuits due to the cut failing to remove the straight-
line plating buss 104 connecting the traces 102 1n one of the
adjacent PCB segments 110. This circumstance decreasing
board vield by rejecting PCBs with shorted traces even
though all other features on each PCB may be good.

SUMMARY OF THE INVENTION

In view of the foregoing considerations, the present
invention 1s directed to an improved plating buss, wherein
the plating buss connecting traces of adjacent printed circuit
board (PCB) 1n a substrate panel are provided 1n a serpentine
design. The serpentine plating buss widens the PCB singu-
lation process window, thereby minimizing short circuit
problems often seen in PCB singulation due to indexing
errors resulting from occasional manufacturing variations
and alignment problems. Accordingly, the serpentine plating
buss of the present invention increases board yield. Another
benellt of the serpentine plating buss 1s that the sawn edge
of each finished PCB may be improved due to the fact that
no longer must PCB singulation be directly on top of the
entire plating buss in order to disconnect joined conductive
traces.

In one embodiment, a substrate panel containing a plu-
rality of printed circuit boards 1s disclosed. The substrate
panel comprises a plurality of conductive traces provided on
the substrate, and a serpentine plating buss interconnecting
the plurality of conductive traces and provided between
adjacent ones of the plurality of printed circuit boards.

In another embodiment, a method for manufacturing a
printed circuit 1s disclosed. The method comprises providing
a substrate panel, providing a plurality of printed circuit
boards on the substrate, the printed circuit boards having a
plurality of conductive traces provided on the substrate, and
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interconnecting the plurality of conductive traces with a
serpentine plating buss provided on the substrate between
adjacent ones of the plurality of printed circuit boards.

In another embodiment, a method for manufacturing a
printed circuit 1s disclosed. The method comprises providing
a substrate having at least a pair of adjacent segments, the
substrate having a conductive serpentine plating buss inter-
connecting conductive traces of the pair of adjacent seg-
ments, and singulating the substrate, the singulation remov-
ing a portion of the serpentine plating buss which
disconnects the conductive traces.

In still another embodiment, a method for manufacturing
a printed circuit board 1s disclosed comprising providing an
unclad laminated substrate panel used for forming a plurality
of printed circuit boards, associating an 1mage of a desired
circuitry pattern with the panel, the 1mage comprises various
circuitry traces interconnected by a serpentine plate buss,
and developing the panel, wherein the desired circuitry
pattern 1s defined on the panel.

These and other features and objects of the present
invention will be apparent in light of the description of the
invention embodied herein.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a top elevation of a portion of a substrate panel
bearing conductive traces connected by a prior art straight-
line plating buss, and illustrating the alignment of a singu-
lation cut having no indexing error which will result in no
shorted traces:

FIG. 2 1s a top elevation of a portion of a substrate panel
bearing conductive traces connected by a prior art straight-
line plating buss, and illustrating the alignment of a singu-
lation cut having an indexing error which will result 1n
shorted traces;

FIGS. 3a-3d are side section views of a substrate panel
showing a step-by-step explanation of a printed circuit
manufacturing technique used to form the plating buss of the
present mvention;

FIG. 4 15 a top elevation of a portion of a substrate panel
bearing conductive traces connected by a plating buss
according to the present invention, 1llustrating the alignment
of a singulation cut having no indexing error which will

result 1n no shorted traces;

FIG. 5 15 a top elevation of a portion of a substrate panel
bearing conductive traces connected by a plating buss
according to the present invention, i1llustrating the alignment
of a singulation cut having an indexing error which will
result still 1n no shorted traces;

FIGS. 6a-6c¢ are 1llustrations of various serpentine plating,
buss embodiments according to the present invention.

In the drawings, dimensions of materials have been modi-
fied for clarity of illustration and are not necessarily true to
scale.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIGS. 3a-3d provides a step-by-step explanation of a
printed circuit manufacturing technique used to form a
plating buss according to the present invention. In conjunc-
tion with this explanation, FIGS. 4 and 5 each present a top
clevation of a substrate panel having a plurality of adjacent
printed circuit boards (PCBs) thereon and bearing conduc-
tive traces connected by a plating buss according to the
present invention. FIGS. 6a-6¢ are illustrations of various
serpentine plating buss embodiments according to the
present mvention.

10

15

20

25

30

35

40

45

50

55

60

65

4

With reference to FIG. 3a, manufacturing of a plurality of
PCBs 10 begins similar to most other commonly used
additive techniques. Namely, an unclad laminated substrate
panel 12 used for forming the plurality of PCBs 10 1s first
provided. The panel 12 1s normally made of a nonconductive
material, such as phenolic, glass-impregnated epoxy,
polymide, FR4, FRS or the like. The panel 12 1s then drilled
in accordance with a predetermined pattern, such as by a
C-N-C dnlling machine. In particular, variously sized holes
14 are imparted through the panel 12 at a variety of
locations, 1n the exact configuration of a desired hole pattern
for each printed circuit. For ease of illustration, FIGS. 4 and
5 do not show any of the holes 14.

The panel 12 1s then coated with an activating layer 16
which promotes the adhesion of a conductive material, such
as copper, to the unclad laminant panel 12. Following
coating, an outer surface of the activating layer 16 1s coated
with a resist material 18 as illustrated by FIG. 3b. The resist
material 18 1s preferably a photopolymer plating resist
solution well-known 1n the art, and 1s normally light sensi-
tive.

A photographic film image or artwork 20 of a desired
circuitry pattern 22 1s then associated with the panel 12. In
particular, the artwork 20 provides a picture or image of
various circuitry traces and 1s properly designed to selec-
tively prevent light from passing through portions of the
film. For example, with one well-known technique, the
circuitry pattern 1s presented on the film in the form of an
emulsion material which prevents the passage of light. The
remainder of the film, where no circuitry 1s desired, 1s clear.
A maskless, fully digital process, such as for example, a
Digital Micromirror Device (DMD) or Gradient Light Valve
(GLV) mmaging system, may also be used to project a
negative of the desired circuitry pattern 22, onto the panel 12
as 1s known 1n the art.

The desired circuitry pattern 22 includes a serpentine
plating buss design according to the present invention,
which connects together a plurality of traces. One embodi-
ment of the serpentine plating buss 24 1s 1llustrated by FIGS.
4 and 5, which connects a plurality of traces 26 i1n an
“accordion” fashion. It 1s to be appreciated that the plating
buss design of the present invention need not be continuous,
equally sized, accordion shaped, or rectangular in dimen-
sion. For example, as illustrated by FIGS. 6a-c, the serpen-
tine plating buss of the present mvention may be a saw
toothed pattern 40, a tnnangular pattern 42, a curvilinear
pattern 44, or combinations thereof. A discussion of the
advantages of having such a serpentine plating buss accord-
ing to the present invention 1s provided 1n a later section.

Referring back to FIG. 35, with the artwork 20 1n place,
the panel 12 1s then “exposed” to ultraviolet light 28. As
previously described, the artwork 20 1s designed to selec-
tively allow and/or prevent passage of the ultraviolet light 28
at desired locations. The resist material 18 1s normally
configured to ““cure,” harden or otherwise react 1n response
to exposure to ultraviolet light such that 1t 1s impervious to
developer chemistry. At locations on the panel 12 where
ultraviolet light 1s prevented from reaching the resist mate-
rial 18 (1.e., the desired circuitry pattern), the resist material
18 will not cure, such that 1t will be attacked by developer
chemistry.

The panel 12 1s then “developed”. With this commonly-
used technique, any resist material 18 not cured during
exposure 1s removed from the panel 12. As illustrated by
FIG. 3¢, only cured portions of the resist material 18 remain
on the panel 12. Following developing, the desired circuitry
pattern 22 having the design of the serpentine plating buss
24 1s defined on the panel 12. In particular and at this stage,
the circuitry pattern 22 1s defined by the activating layer 16
not otherwise covered by the resist material 18.
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The panel 12 1s then processed through an energized
plating bath 30 to deposit an electrolytic material layer, such
as metals or precious metals like copper, silver, gold, plati-
num, nickel, tin, and the likes, onto the desired circuitry
pattern 22. During the electroplating process, the resist
material 18 resists or shields the electrolytic material from
plating to certain areas of the panel 12, wherein the elec-
troplated material 1s deposited only on exposed portions of
the activating layer 16. In this manner, only the desired
circuitry pattern 22 receives the electroplated material. The
panel 12 1s then passed to additional (post plating buss
formation) electroplating processes, wherein the formed
plating busses 24 are then used to make electrical contact for
improved electrical conductivity and/or wire bondability 1n
termination (e.g. “trace”) areas of each of the printed circuit
board 10 provided on panel 12.

After plating, panel 12 1s then subjected to a “stripping”
process. During the stripping process, the resist material 18
1s removed, leaving the plated material layer 32 and other
optional electroplated material layers (not shown) as 1llus-
trated by FIG. 3d. The plated material layer 32 1s provided
on the panel 12 1n the desired circuitry pattern 22 which
includes the serpentine plating buss, such as for example, the
accordion plating buss 24 illustrated by FIGS. 3 and 4, or
one of the plating busses illustrated by FIGS. 6a-6¢. After
stripping, the panel 12 1s then singulated into individual
PCBs 10.

With refer to FIG. 3, a conventional saw blade 1s
employed at the PCB singulation stage. If there 1s no
indexing errors, the saw blade will remove the material of
the panel located between parallel lines 34 and 36 as a cut
1s made along a street 38. As can be 1imaged, making such a
cut will separate the adjacent boards 10 and remove a
portion of the serpentine plating buss 24, which disconnects
the associated traces 26. Since the design of the serpentine
plating buss 24 zigzags over the street 38, the entire plating
buss need not be removed 1n order to disconnect the traces,
unlike the straight-line plating buss shown 1 FIGS. 1 and 2.

It 1s also to be appreciated that the “process window™
defined by the serpentine plating buss 24 1s larger than the
prior art straight-line plating buss shown 1 FIGS. 1 and 2.
In this manner, even if over time, indexing errors result 1n
the cut moving from the center of the street 38, the saw blade
will still remove a portion of the serpentine plating buss 24
and disconnect the traces 26 1n both adjacent boards 10, such
as 1llustrated by FIG. 4. Accordingly, board vield 1is
increased as fewer PCBs are rejected with shorted traces. In
one embodiment, a panel 12 provided with the serpentine
plating buss of the present invention enlarges the PCB
singulation process window to greater or equal to about
+0.165 mm from centerline of the street, as compared to a
prior art process windows of less than or equal to about
+0.085 mm from centerline of the street. It 1s to be appre-
ciated that the process window of the present invention 1s
solely dependent upon the width of the serpentine pattern,
whereas the prior art process window 1s dependent on saw
blade width, buss line width, positional accuracy of the saw
blade, and positional accuracy of the buss to the fixing
feature.

Although the additive method was described 1n the for-
mation of the plating buss of the present mvention, those
skilled 1n the art recognize that the subtractive method of
forming a PCB may also be used. For example, in the
subtractive method, a plurality of boards defined by a
substrate 1s provided having at least one surface coated with
a conductive material, such as a metal like copper. The
circuitry pattern including an embodiment of a plating buss
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design according to the present invention 1s then printed
onto the conducive material-coated surface of the board by
a resist material. The remaining exposed conductive mate-
rial-coated surface 1s etched away, and the resist 1s then
removed leaving conductive circuitry having the serpentine
plating buss of the present invention interconnecting con-
ductive traces and adjacent PCB segments.

Additionally, although dicing was described as a suitable
method for PCB singulation, the plating buss according to
the present 1s also beneficial to panel subjected to other PCB
singulation methods, such as for example, punching or
stamping.

Thus, while certain representative embodiments and
details have been shown for purposes of illustrating the
invention, 1t will be apparent to those skilled in the art that
various changes in the ivention disclosed herein may be
made without departing from the scope of the invention,

which 1s defined 1n the appended claims.

What 1s claimed 1s:
1. A method for manufacturing a printed circuit, the
method comprising:

providing a substrate panel;

providing a plurality of printed circuit boards on the
substrate, said printed circuit boards having a plurality
of conductive traces provided on a planar surface of
said substrate panel; and

providing a serpentine plating buss on said planar surface
between adjacent ones of said plurality of printed
circuit boards, said serpentine plating buss intercon-
necting said plurality of conductive traces.

2. The method of claim 1, wherein said substrate panel 1s
non-conductive.

3. The method of claim 1, wherein said substrate panel
comprises phenolic, glass-impregnated epoxy, polymide,
FR4, FRS, and combinations thereof.

4. The method of claim 1, wherein said serpentine plating,
buss 1s provided along a street defined between said adjacent
ones of said plurality of printed circuit boards.

5. The method of claim 1, wherein said serpentine plating,
buss defines an improved process window for PCB singu-
lation which 1s wider than a process window defined by a
straight-line plating buss.

6. The method of claim 1, wherein said serpentine plating
buss defines a PCB singulation process window greater or
equal to about £0.165 mm from centerline of a street defined
between said adjacent ones of said plurality of printed circuit
boards.

7. The method of claim 1 further comprising providing
said serpentine plating buss in a pattern comprising accor-
dion, rectangular, saw toothed, triangular, curvilinear, and
combinations thereof.

8. The method of claim 1 further comprising removing a
portion of said serpentine plating buss to disconnect said
plurality of conductive traces.

9. The method of claim 1, wherein said plurality of
conductive traces and said serpentine plating buss are pro-
vided via patterning of said substrate panel.

10. The method of claim 1 further comprising electro-

plating said substrate panel and using said serpentine plating
buss to make electrical contact 1n termination areas of said

plurality of printed circuit boards during electroplating.
11. The method of claim 1 further comprising:
clectroplating said substrate panel; and

singulating said substrate panel to separate said plurality
of printed circuit boards.




US 7,296,346 B2

7 3
12. The method of claim 1 further comprising: tion areas of said plurality of printed circuit boards
patterming of said substrate to provide said plurality of | durmg elec’groplatmg; and | |
conductive traces and said serpentine plating buss; singulating said substrate panel to separate said plurality

electroplating said substrate panel and using said serpen- of printed circuit boards.

tine plating buss to make electrical contact 1n termina £ ok 0k % %
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